The hyper-Kirchhoff index is introduced when the hyper-Wiener operator is applied to the resistance-distance matrix of a connected graph. We give lower and upper bounds for the hyper-Kirchhoff index, and determine the n-vertex unicyclic graphs with the smallest, the second and the third smallest as well as the largest, the second and the third largest hyperKirchhoff indices for n ≥ 5. We also determine the n-vertex unicyclic graphs of cycle length s, 3 ≤ s ≤ n, with the smallest and the largest hyper-Kirchhoff indices.
Introduction
Numbers reflecting certain structural features of a molecule that are derived from its molecular graph are known as topological indices, which are used in theoretical chemistry for design of chemical compounds with given physicochemical properties or given pharmacological and biological activities [1] .
Let G be a simple connected graph with vertex set V (G) and edge set E(G).
It is one of the oldest and the most thoroughly studied topological indices [3] [4] [5] .
For u, v ∈ V (G), the resistance distance r uv = r G (u, v) between vertices u and v is defined as the effective resistance between the respective two nodes of the electrical network obtained so that its nodes correspond to the vertices of G and each edge of G is replaced by a resistor of unit resistance, which is computed by the methods of the theory of resistive electrical networks based on Ohm's and Kirchhoff's laws [6, 7] . Klein [8] discussed the chemical potential for the resistance distance and a number of sum rules for this metric, and mentioned work of Foster [9] , who derived a simple sum rule for effective resistances between nearest neighbor pairs of vertices, but did not identify the effective resistance between pairs of vertices as a distance function (or metric) on a graph. The Kirchhoff index (or quasi-Wiener index) of G is defined as [10] Kf (G) = − {u,v}⊆V (G) r uv .
Recent results on the Kirchhoff index may be found in, e.g., [11] [12] [13] [14] [15] .
